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ABSTRACT

The procedures used for evaluating and characterizing fiberglass ,
boron, graphite and aramid reinforced composites are des ribed as they
apply to the 1971 revision of MIL—HDBK-l7A, “Plastics fcr  Aerospace
Vehicles , Part I, Reinforced Plastics.” The fabrication of test panels,
the mechanical and physical properties considered , the test methods,
the environmental conditions for testing and methods for presenting data
i re included .
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FOREWORD

The current “guide l ines ’ are to be considered as an addendum to
MIL-HDBK-l7A , Plastics for Aerospace Vehicles, Part  I , Reinforced
}l~~~tics. This handbook is prepared and maintained by the Department
of Defense as a standardization document. The Plastics Technical
Evaluation Center , Picatinny Arsena l, is responsible for the compila-
tion of data and publishing of the handbook and addenda.

The current guidelines provide a basic understanding of the
methods employed in MIL-HDBK—17A to evaluate fiber reinforced plastic
composites. A further intention is to assist designers and engineers
concerned with the generation of new data . It is urged that the tech-
niques described herein be utilized to the fullest extent. Such a
pr~irt 1r will lead to a more comprehensive body of data which can be
incorporated into the handbook format. This in turn will result in
in creased reliability and will permit statistical inferences which
i r e  not now possible.
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1.0 GENERA L

1.1 Scope of Guidelines: The guidelines contained in this report are
concerned with the fabrication, testing , and data handfing methods f~ r
fiber reinforced composites, such as are documented in MIL—HDBK—l7A,
Plastics for Aerospace Vehicles, Part I, Reinforced Plastics. A major
objective of the guidelines is to standardize the proc edures required
to valuate and characterize these composite materials. Attentien is
focused on polymer based composites containing either woven or n o n —
woven (filamentary) reinforcements.

1.2 Scope and Organization of MIL—HDBK-l7A, Part I: MIL-HDBK-17A,
Part I is a standardization document prepared and maintained as a joint
effort of the Department of Defense , NASA , and the Federal Aviation
Administration . Assisting in this effort is a service—industry coord i-
nating group comprised of representatives from various government seg-
ments, aerospace manufacturers and material suppliers.

The nandbook contains information on the physu.il and mechanical
properties of aerospace quality composites which were prepared and
tested under standard conditions approved by the service-industry
coordinati :Ig group . In addition, the handbook contains background
information on the constituent materials and processing methods ap-
plicable to aerospace composites. This information has been gathered
from numerous sources including material suppliers, aerosp~ice fabrica-
tors, and government installations such as the US Forest Products
Labora tory.

MIL-HDBK-l7A, Part I is organized into the following chapters:

Chapter 1. Introduction contains generalized information pertain-
ing to the succeeding chapters.

Chapter 2. Materials and Processes contains general information
on resins, reinforcements, and fabrication processes.

Chapter 3. Design and Analysis of Composites provides an intro-
duction to “elasticity theory” as applied to the analysis and designs
of layered composites. It relates previous knowledge ‘if isotropic
materials to adaptations of the generalized theory for the analysis of
arcisotropic layered materials. It also reviews some operations of
available computerized design procedures. It is organized as a refer—
ence on the effects of anisotropy on composite material properties and
is rlire ted primarily to materials engineers and experimentalists. 
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ii j t v t 4 .  M e c h a n i c a l  P r op e r t i e s  of L a m i nat e s  evaluates arid tahu-
l i t  e c.; t he m ech an i c a l  and p h y s ic a l  i c r o F c e r t :  ies of aerospace  grade  m at er i a l s .
Emi b a s i s  is placed on v a l u a t  ions of a u t o c l a ve  cu re d  l ay — u p s  of j r e i m

~~ 
eq n i t t 1 ~~, it t rials standardized according to government or aerospace

c rn~ a t c v  sI . r ci f i c a t ion s .  C on v en t  ional t e s t s  are  conduc ted  on “~1ry ” or
‘ wet ’ cc cnd  t t  ioned n a r r o w  coupons and a f t e r  exposures  a t  ;ev .r a l  t i m—
per itur :- - . ;r ap h i c a l  r e s u l t s  i n d i c a t e  s t r e s s — s t r a i n  r e l a t i o n s  for  the
t r i s i o n ,  c Otf l i c r SSiOn and i n — p l a n e  sh e ir  e v a l u a t i o n s .  F l e x u r a l ,  b e a r i n g
lOLl i t t e r l a m i n a r  shear p roper t i es  are  con ta ined  as t a b u l a t e d  s u m m a r i e s .

I hys i al p r op er t i e s  such as spec i f ic g r a v i t y, res in  c o n t e n t, and void
- s t - n t  serve to characterize t h e  fabrication process for ar-h laminate.
Test resul ts are shown as plots of specific gravity versus ravimetric
: si n  o t e nt .  Plots of voids content and volumetric fiber fri ct ions
I r e  s u p e rim p o se d  over the  s p e c i f i c  g r a v i t y  ve r sus  g r a v ir n e t r ic  r e s i n

c ,~~ t e r t p lot s .

C h ap t e r  5. F a s t e n i n g  i~nd Joining contains informa t ion on adhesive
F e n d i n g  a m e ch a n i c a l  f a s t e n i n g  of f i b e r  r e i n f o r c e d  composi tes .

C’t . i p t .r 6. j~~pair of Reinforc Sd Plastic Structures. Detailed
r e p a i r  pr  -edures are not co r it ,~ined in this chapter; rather , the reader
is d i r c t T e d  to o t he r  sources for such information.

C hdj±t er 7. Quality Control. This chapter has been left blank;
i t  is expected to be issued as a separate addendum to the handbook .

Ch~j t e r 8. Non—Destructive Testing provides descriptions for ten
r c o n - d e s tr c i t i ve  methods, together with recommended usage and the
limitations of each method .

1.3 Material Propert ies: Composites have had a wide application in
‘he aerospace industry. Satisfactory procedures for evaluating the
overall structural behavior of the material are essential. A large
portion of the a v a i l a b l e  data was generated in order to compare proper-
ties c t  i i irifo ru iii g materials and/or resins and is not suitable for use
in design and stress analysis.

During the revision of MIL—HDB~ —17A , this and other deficiencies
became apparent and a more comprehensive approach to evaluating lami-
nates had t o  be devised and developed . This included the fabrication
of test lamina .eg , the determination of the physical and mechanical
properties required and the test methods and environmental conditions
ner e.s s ar y  t i c  o b t a i n  these properties for evaluation. The criteria
established for the program include :

Mec ! ran c a l  Pro er t ie s

• Stress-strain relations in tension and compression with uniaxial
loads ap~’!ied parallel (0°) and perpendicular (900) to the warp
c r  “principal ’ laminate direction.

2
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• Shear versus shear strain relations with loads applied parallel
t o  the warp and transverse directions , and in t he p l a n e  of the
lamina te.

• Poisson ’ s R a t i o  fo r  (00) laminater in tension for t o i l s  a pp l ie d
p a r a l l e l  t i c  the principa l direction and for loads perpendicular
to the p r i n c ipal d i r e c t i o n .

• Polsson ’ s Ra t ios  for  (0°’ 90°) and (0
0 ± 450, 900) laminates

in tension in (0 0) direction only.

• Fatigue-repeated tension , repeated compression and reversed
tension—compression loading .

• Interlaminar shear

• Bearing strength

• Flexural strength

Physical Properties

• Resin conten t

• Sl ic i fi c  g r a v i t y

• Voids c o n t e n t

Environmental Conditions

• Effects of wet and dry preconditioning on laminate properties.

• Effect of temperature on laminate properties.

1
1.4 Statistical Evaluation: The objectives of the handbook test pro-
gram are to obtain statistically significant data for materials currently
in use and to determine the degree of reproducibility attained in their
fabrication. A minimum requirement is that test results include data
from three sets of panels which are representative of the manufacturing
procedures employed by three different fabricators. The properties
listed in the charts and tables of MIL—HDBK-17A, Chapter 4, generally
represent test results from only one set of panels for each material

• system. Properties are therefore not given ‘s in i m u m  values and are con-
sidered to be “typical” for each material , arid a measure for the
scatter of test results is provided . When the minimum number of tests
has been completed for a material , its properties will be assigned
values on a B—basis; that is, the value above which 90 percent of the
populat ion of values is expected to fall with i con! i d e r n e of 95 percent.

3
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i - c , 1 t ; ~i !  v i l i c  s w i l l  I ; r v I d ci wh ri 30 to 45 t c ~~~t r e s u l t s  i n - a v a i l a b l e .
.~~. t t r  rn - r i  b i n  b5  t o t  t - s u l t s , t h e  s t at  i s t i c a l  values will f t  r e dc i cc cl
in  a t t l U c  re w i t h  i r o du r :, w h i c h a s s u m e  norma l d i st  r i b u t  t o r i .

.~ . O  F A B R I C A : ~~~~
‘i OF TEST PAN ELS ANH S l 1 7 ’ I M E N S

I - n i l  C o n s i d e r a t i o n s :  To be a c a n d i d a t e  I i c r  e v al u r t o t i  in
, - i P , P V - I TA , a mat erials system must be s t a n d a r. i i z . l  to ar ~~a i n  repro—

r. p rt i s  in  i e t ’ . o t r u c t r i r  s. The major char-c t e n j ics of
r i b  ma t  • - r  i i i  s sVs l  ems ar ( 1 )  u n i f o r m  l i s t r i h ut  ion a r id  c o n t r o l  led

- t u e  * it  i s  - - - - r i o t  i t  u i t r t  s and ( 2 )  a m a t i a q o i b l e  hand i irig in !
r . ‘ s o r  :1 i t . ’ so that cost - ornpt ’ t i t  ive s t r u c t u r e s  c m  be f ab r i c a t e d

in n 1;  1 - 0 - m c i  I i  I t s .  The most read i ly  st  an d a r dj z t  ‘1 mat U i a ls
- m t  h ‘

~~ 
- p r  -qs ” w h i c h  a re  l a i d — u p  and au t o laved cured wi h u t

- Sc I I i t  dO ’ u t  - i - i t ’ I ons  i n  polym r / r c i n f o r c e r n r t  r a t i o s  or i i ymer
l i s t i  1 1. 2 ’.l r c . *

hr e l m r  to - s l i t  c c l  M a t e r i a l s :  A l l  t i - s t  p a n e l s  a r c  f a b r i c a t  -d f rom
r n - j r -ys. I-:rnpf u - . i s  is p 1 i - c i  on mate r i i l s  f o r  use as f a c i r c q s  i n  s and—
w I - f ‘‘ ‘p. - ~~t r : i c : t  r e s .  TI l r - i r ’t ; s  f o r  f ac i n q o  a re  n o r m a l l y processed

- cori~ r n  w i t h  t W i t me thods  of s i t i d w i c h  f a b r i c a t i o n. These  ar  the
l a r n in a c - - ; r a i e s  f o r  t w o— S t 1 s a n d w i c h  c o n s t r u c t i o n s  and the  c o n t r o l l e d
f - w a d i j , ’ s t v . -  ;r ~~des f i r  er i c - s t e p  s a n d w i c h  c o n s t r u c t i o n s .  O n l y
l a r n i n a ’  ‘:5 5 i r n i l . i t  i r r ~~ ~ r c ’ c i r cl  f a c i n g s , t ha t  i s ,  fo r  use in t w i t — s t e p

i r, : wj - i i - s ,  ha ve b e t - n  sul f i c t e d  tic t h e  n a r r o w  - e c i l t o r m  t i n t s  1 i : ; t t n c l  in
nc 1 1 1 — H D R K — 17 A .  The c o n t r o l l e d  f l o w  p rep r ec ; s  are best  t e s t  . d  as

~a: w i c h  p an e l s ,  - i r d  sc c -h  t o t  ing is not a t  pr c ’sc t i t  i n c l u d e d  in t h e
fi c - P s  u k  ;~~ ‘ ;r j rn .

The r r c p r , J mat  r i a l s  c omp ly w i t h  t t i e  r ;j s ’c l  f i c a t ions es ta b l i s h e d
f , t f  i n d i v i d - t a l  f ab r i ce o r ; .  I n  general, the materials are autoclave
m c , l d i r r ; g r i t :  with flows t -c, ri tro lled to attain minimum bleodout and

c ; ’ i n - t m  l i d  i~~ of t b .  plies. When p o s s i b l e ,  h a n d l i n g  char a -t n i s t i c ’ s
arc specit i~~cI consistent with the t o bj :Ll ives of collimated plies in the
l arn~~o , , t t and the r e t e t c t  t o t  of fiber orientation during layup and cure.

Prei r c- d’ -r ir . required to i t  t i  i n  ot  or a q i  lives of at li ist six
mon I i :  w i ’ F m  an add i t  i or i a l  t i l t  tir ’~ of at least ci lIl t days. Although
I r - ’’pr qs f r a y  be s to r  ri  i t  ; u b — f r e c z i ng  i m ç c r a t  unt o , they must be
i r t i q i t  t~~~ - d i i i  thrium at  t h e  amb i en t t i m p e r i t c i r t  i f  the lay—up room

~~~~~~~~~ k da t a ~s ha t ed on such mat eri al s with t l i t  excep t  ion of data
f o r  r ;nr ’t. F i f . l l 1 . i s g — ’ } t l y c n t , ’ r  l a m i n a t e s  t a k e n  from earlier sources ,
and fot b o r n —  . ; ‘oxy i a n u ’  is which were evaluated under c o t i t  r a ct  (Ref 1

4
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i t  a r i m e v a l  from st or a q i ’ . D er i n g  t - he out  t ime , t f i n  desired handling
m i i i  f ab r  i t - a t  ion c l n a r a t - t e r  i st  icS must  be m a i n t a i n e d  w i t h o u t e f fe c - t ~~ on
h nc’ F’ r ( t trlc ’ib il it y of t h e  properties attained in t b - i n -r i :oml o si t - e .

Fabrica tion of prepreg materials requires close t - o t i t r o l  t o  attain
:l .timum propor t i s  in the composite. Process objectives are to achieve
t~~timized conditions at the constituent interface, ot .ihin ’ cured con—
d i t  i ris, dimensiona l control, reduction of voids, arid uniform distribu-
ion of opt imum constituent contents. In regard to the l c r p n t q sys tems ,

t h e s e  objectives imply control of optimum reinforcement volume fractions
and the cont ro l  of r e s i n  bleedout d u r i n g  c u r e .

The thin (less than one—eighth inch thick) facing laminates arc ’
best optimized if fiber volume fractions are maintained as follows :

1) Woven fiberglass reinforced laminates: 52% 5%.

2) Parallel fiber reinforced laminates (excluding boron fiber)
60% ± 5%.

3) 4 mil boron fiber reinforced laminates: 50% - 52% ± 3%.

4) Other fiber reinforcements (including Keviar 49) have not as
yet been optimized .

Imposed tolerances on the gravimetric resin content of the prepregs
are dependent on the type of reinforcement. For bidirectional woven
broadgoods such as style 7781 fabric , the resin fraction is specified
as not varying by more than two percent from the assigned devolatilized
resin content. For directionally woven broadgoods such as s t y l e  7743
fabric , and all other non—woven parallel fiber tapes such-as XP251S,
variation from the assigned devolatilized resin content is not to exceed
t I - ’m r ’ e  P c ’r c : ( ’r i t

The uniform distribution of constituents versus low void content
appears to be best optimized if less than two percent by weight of the
devolatilize d resin content is bled from the prepreg during fabrication .
Preliminary results indicate that bleedouts of less than one—half
perc.’ri t are optimum for the “hybrid” composites .

The handling characteristics for the prepreq are specified within
the following limits:

1) Successive layers of prepregs should be separated by release
film or paper .

2) The release film should be sufficiently strong and stiff to
serve as a backing for the prepregs.

3) The prepreg should be tacked flat against the backing .

- -—- ..‘
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4 )  T I .  - r • ‘s u tn - l i i i  I - F f ~ ‘ - - i t  I t - i , - i t  ly advanced SO that when t he
t i - k  i n - i  i s  t m - v . ” !  u n i t y  nmeq l l ; l b l c ’  t r ac e s  of r e s i n  remain on

mi ’ ! i ’ k n  n i - n ,

5) The ~~ k ‘ I i .  d l v , i r  .‘d t . - r , L n  : , l m c c i u l , I  bc s u f f i c i , , t i t f o r  t f ~-
~u i t j , . t o  t o -  i f i c -  t i - I  and to  i t s e l f  d u r i n i q  l I m - l a y — u p .

c )  Tt i ’ ’ ; r ’  to S c  ‘ s l u t  F - . - s u t  I i’ion t l y  c - omp i l i n t  to ‘ - i n f o r m  t c t  t h e
t r a i n  a w r , i r i t  to ,  l i i t i  u p .

I l . -  - I i  t o o  ,at~~~~t .  n i s ’  i~~~~; sh o u l d  to - m a l t  s u b s tan t i a l l y
0 0 , :  1 . - i l  F c r  i n c  r i ’S ‘.~~‘ t  I’~ ’ ’ l i t - m d  ou t  t i m e .

I n . . .t ‘vt li m i ’ on 0 in ~ 1 l i r i q m r . ’  readily -i- -h i e v e d  w i t h  c on v e n t i o n a l
in - :~y n -vol t- sys’ - to -  . i r n e t u t  s i l i co n , ’  , i r , d  p’ i y i m i d e  57cc ’ c -m s

t o  : - .  n i l  . ‘  t y  :. c r .  1 ’ ’ - ! , .1? ~~~~~~~ t b  i n  s’Sflc’ i n , : , t a t l c ’ i ’s  -t u flpn c cmises must

-, - - . q  - - * ‘ - - 2  ‘ ‘ ‘ ‘ -v .  - re. ri, - - rn - - I n ‘ - to’ r i  - i ,  s in hand l i i  ug qua!  i t  i es

F t ~~ ,i-  -
. . - r  t a - - n  P r ’  t t S  t r i ’ t r i l l , -  ~~, l i i ’  t v  P l e d  ar - md t i n t ’  expec t i’d

b*’ - i ’ , - F  inor.~ f t , i n , ’ ly in - i - n - - n i - . i p p l i t - i t  i o n s .  T h -  ph y s i c a l
lia r ~~~ I j i ~ ~~ 

. 
~~~ 

- I , ‘ ‘ - - t ’ - r ’~ -,‘ . - r  a f t r o m c i , - r  r a s p -  m d  require ad—
- i~ ‘ rn,. ‘ n-. ‘ &, i’ . in  ‘h ’  b ’ s i n ’  - i  f i n ,  ! l i t c ’ ~ t i - a t in - c c .  Con tro l o f  a m o u n t

- - n - . -  ot r is I :  F l  - m t  ‘ 1  as a ne ’ -ess - i r ’,’ r e q u i n & ’n c ’n l t  t o  m a i n t a i n
- i k i n .  I t i  — pr * - r ‘ i .

F W- - “ n  P .t r ic T’ a 0 a r . ’ I s :  The l a m i n a te s  r e i n f o r c e d  w i t  ii woven
m b r  i ’ i r e  r i - s u m ,’ ! t - be l a i d  up of  38 i n c h  wide  p repregs .  W i d e r

~- r ‘p r  ‘-o - may r . ’n c u l  in  
~“ ‘ c u r e r  r e s  i n — r e i n t  , n r , ’ . ’ m , - t i t  d i s t r ib u t i o n .  Whi l e

- ‘ - n r c -  w i - F ’  ; - t o  I r ’ - ; n ,t ;aV ’- f -i- n c  u i c c , ’ c f  t i n  handbook e v a l u , i t i c , n ; r : , these  have
r i - i c  I r ’ - d  r e - r  , i 1 ! r u ) v ~i l  by t t i c -  s er v i c e — i n d u s t r’7’ c o o r d i n a t i n g  g roup .
The m i n i m  ~no - too ’ f - - n  t b ’  l a m i n at e s  is two f t  p a r a l l e l  t o  t h e  warp

j t l i r , ’ t  t i n  by f i r ’ s ’  f . - , - t  p ar a l  1 , - I  t o  t h e  p repreg  w i d t h .  Wh en wider
p r i E r .  q rolls - itt ’ tsc’d , t h. minimum panel size shall be increased to

t u t f u c - ’ -; by 4~ , i n t  Fm ’ s with I b u t -  F E  i n c h  l e ngt h  p a r a l l e l  to t h. warp
t i  i r e t  t ori .

Test panel thicknesses are determined ext -lusively by the c rstituent
t e n t  c - n t f r , i - t i o ns  and the  number of ~ 1 it ’s  t h ey  c o n t a i n .  The t a r g e t
vo l tur ,, ’t r i , F ib . ’r  vo lume fract ion for fabric reinforced test laminates
is 50% t o  55%. The “E” fiberglass reinforced test laminates containing
1581 , 7781, and 7 7 4 3  type  f a b ri cs are eight plies thick . The “S” fiber-
glass re  i n i f o r c e d  t e s t  l a m i n a t e s  u ’ c t r m t  m i n i n g  8 1—994S/904 f a b r i c  a r e  also
eight plies thick. The “S” fiberglass reinforced test laminates con-
t i m i ng  t4b ’ i - 1 0 14/ S 2 4  f a b r i c  are twelve  p l i e s  t h i c k .

The r ; t a r t c i m r c j  lay-up of the fabric reinforced panels is controlled
to minimize the , t r i i n i o t  r f ) l c j c  e f f e c t s  of f i l l  f i ber s  i n  a skew d i r e c t i o n
to t b . ’  f i l l  f i n - r n ,  i n  the ~ d ) i c i ’ n t  p l y .  The procedure is initiat ’ti by
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P s i  ,‘ i n m O  t I m - ~ n - ~~t . ’ ’ ; ’ n i t ’ - cor t i m i n u i n g  t l u c ’  s at  in  r ; b u i t t s  j i - i n i l l e l

~ .i r ,i~ I F ’  - r ‘ l e t  . - u ; u c -  f , i u  -
‘ ‘ - 

) ro - u - l v ’  -t i p - is - i n  f i t  rar ii y t

as ‘ l i ,  i c - I  ,‘t o ’ n  - I - l i - . F t  r o t  , l en q t  b u s  i t t  E r - l i n t ; r c ’ u ~~t i i  n c - c l  F c u r  i - a n - b
p l y  i n , ’ t l m . I c r .  - b  ‘ne i n c h f r - r n  t h i ’  r i - f - r i - r u t - - se lvedqu ’ and  a t  t h e  r e q u i r e d
1. ’ n c q t h t t c t , ’ r v . . l s  t i - t i n n i n g  c r c - i n n ’ h I i - u r n  t h e  or i q i t u - i l  u - u t  c c i i i !  of t h e

n ’ - ~~. Thi:’ I 1 - i t s  , i n i -  suct c - n c s i v . ly  nurnber .-d  fo r  eu - F m p l y .  A f t  -n t h e
l o u t s  are  ; - c u t - c i I i on ’ !  on - - i  F si s c ; i v c -  pl y ,  t h e  r c - u p i  t n - u i  t o t al  l e ngt h

(if n - p r o - n  i s  c u t s o f f .

f - W l . i r  f i l m , -“ l i s t  t w i t m i l s  t h i c k  is i n s - i l  f o r  t b -  a u x i l i a r y
b a c k i n g  f o r  t b - i - v t - t i  n u m b - r i - u  p l ie s .  Thc’se shee t s  of f i l m  u n i t  u - c i t  f t c

- i  s i z e  s i f t  ic i - t n t  t o  C i t v , ’r  t h e  w h o l e  s i r  Ii’ - ’  of the  p l i e s .  B c - f o r t  the
o r ig in a l  l~~m u r k i n q s  f c t r  t h e  even numbered  p l i e s  a re  removed ,  the  a u x i l i a r y
h i -k i n g s  a r e  p o s i t  t u n n e l and f i r m l y  adhered to the  p repregs .  Then the

- r  i q i n al  b , i i  k tong i s  rennt v , ’c l  o n ly  f r o m  the even numben c ’ ! plies.

The L i o n e l  is l a i d  u i j i  by t a c k i n g  the  success ive  l a y e r s  t o  the s tack
b i’ f u u r c .’ t h e  b , i — : k  i n u t t s  i r e  c t - r u - - v t - u i .  Upon u o mj u l et  ion of t h e  l a y— u p ,  the

t o t - n  si n l aces rcbt ~t , rl r i  - st a t  n t h e  r e f e r e n c e  faces  of the  ou t e r  j u l i e s ,
Fcc - s u cc e ss i V e  1, 1 1 r - s u nt p l i e s  s h o u l d  be back to b a c k ,  and t h e  r c ’f e r e n c e

ed ges should  co inc  m d , -  on one panel  edge.  The r i o t  e f f e c t  of t h i s  pro—
u - c - t ! u n r c ’  h i s  F - c - n i  d. - su :r ib e d  as an “ accordion  l a y — u p ” .

A l t h o u g h  the  b l eeder  arid bagg ing  syn- ; s ems are o p t i o n a l ,  t h e y  should
Pt ’  c o n s i s t e n t  wi t b n  c u r r e n t  a i - r o s f u i c c -  i n d u s t ry  p r a c t i c e .  The ve rt  ical
b l e e d o u t  sys tem r i : ; i n g  one l aye r  of Armalon  (a T e f l o n  coated f i b e r g l a s s
f a b r i c )  fo t  the  hr  c - a t  her -sovered by one l ay e r  of T i l l  a r  per f o r a  f t  -d
o n e — h a l f  i nch  on - e n t e r  and ( u r i c ’  l aye r  of d ry  1581 E gl a s s  f a b r i c  may be
i s i s !  as a r e f e r e n c e  norm for  the ei gh t  p ly  l a y — u p s .

The 1, 11-slit ;  sh o u l d  be bagged and v e n t e d  f o r  any of t h e  vacuum bag
u - u r i s , vacuum a - i c j m e n i t  (iii i u t  o c l , i v ’ cures or the pre ssui rc’ bag c ur  c - S .  The
c u r t -  r ’y cl es should be the ones recommended f o r  the m a x i m u m  se rv ice
L- -rn ~ ” - r a t u r ’ - s .  I n cl u d e d  in  t h i s  r e q u i r e m e n t  a re  t h e  post ‘ ‘l i n t - n c  - is
r u  - ‘u m r n o n i d i ’t l  f c u r  t b u t -  p repreg ren t  i n .

2 . 4  L a y — U J~~of Non—Woven _ P an e l s :  La mi n a ’ c - ’ - ; a rc ’ fabrica t ed from uni-
di r t - c t  io n a l  pr ’pn.- ; tapes. No limitations are p l a c ed on t he  tape widths.
For  t i - n c r - u t i c s  and compress ion t c o t s  of u n i d i r e c t i o n a l  l a y — t q ~s , p a n e l s  are
I (  t :O r m t t . i j r i  s ix p l i e s . When c ro s s -li l y  m a t e r i a l s ,  such a n ;  [ü

0
, 90°]S or

~00 ± 450 ,0°JS , m r  t t - s t e d  in t e n s i o n  or compress ion , t h e  p a n e l s  c o n t a i n
. - i g h t  ~ l m . S .

Test specimens fo r  in i t e r l a m in a r  shear  and f l ex u r e  - m r .  t a k e n  f r o m
u n i d i  re c - t  i c c r i , i l  l a m i r i , m t  c - s  arid c o n t ai n  a u - o i f f i i ’ j t n m t  r nu m b c ’r  of p l i e s  I c c
m t t a i nn 0 .1  i t o- - l i  m i n i m u m  t h i c k n e s s .
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2.5 t O n i - ‘ ‘v Ies; The maximum t o t a l  p r e s s u r e  a p p l i ed  to  the  l a y — u i
( t  he ‘ F t  I t i - r e n t  i al  between vacuum and a ut  o c lav e  p re s s u r e )  s ha l l  r io t  

i i  50 I - -t i .  N o r m a l l y  t h i s  r e s t r i c t i o n  app l i e s  to p r e p r c - d t : c  w i t h
l i x ,  10 17 ’  S t ( r ,  ph e n o l i c,  or s i l i c o n e  resin systems. A m a x i m u m

j - r c - ; nc’ir - is riot s pec i f i ed  for  o the r  resin systems, such as polyimides
- F po I y b en z im i d a z o  lo s,  where  h i g h e r  pr i ’s sures  are  g e n e r a l l y  i “u ;u  i n c  -d .

The n - s i r ;  u - i n t e n t  of the cured pane l may be maintained by con—

~r o l l i n u ’ t  t F m t - r e s i n  c o n t e n t  of the  prepreq or by a c o n t r o l l e d  b leedou t
I ‘ h i . -  ~ repreg d u r i n g  cu re .  When the  prepreg r e s in  c o n t e n t  i s  used

i t  - - t n : ’ to il, edge bleedouts are requ i red  and bleeder p l i e s  serve  to
r , - , t u i i - , - t } i i -  v o i d s  con ten t .  With resin control by bleedout, t fii- vertical
system u i insisting t,f a perforated peel ply and a bleeder pl y is used
and . - c h ; -  b leedout  is r e s t r i c t e d  by f l e x i b l e  dams. The t h i c k n e s s  of
t i n i n ; t o - d  pane l s  is con t ro l l ed  by the number  of p l i e s ,  arid t b i c -  r e s i n
- o t t o - nc t . The use of cover caul plates or adaptations of clu u—u ed space
m o l d i n g  t i - ’ F u t u i ques to c o n t r o l  the panel  t h i c k n e s s  is not a ccep t ab l e .

2 . 11, I d e n t i f i c a t i o n  of Raw M a t e r i al s :  I nf o r m a t i o n  for  i d e n t i f y i n g  the
jirepreg shall be recorded as indicated in Table 1. The table includes
r h o  f ab r i c a t o r ’ s test results on resin content, f l o w  and v ola t i l e s ,  as

~~ ll as results f u r n i s h e d  by the prepreg manufacturer.

2.7 Recording of Fabrication Procedures: Details of the fabrication
which are to be reported are shown in Table 2. Description of the
curing , cooling and post cure cycles will include such information as
vacuum pressures, autoclave pressures, temperatures, heating rates ,
cooling rates, and dwell times at each temperature level.

2.8 Test Specimens Location: Figure 1 represents a plan for locating
arid numbering the various test specimens in a two feet by three feet
panel made from a woven fabric reinforcement. The plan can be readily
adapted to a 36 inch by 46 inch panel or to a three feet by two feet
lionel made from non—woven fabric,

The test blocks can be rough cut from the panel and machined . The
finished specimens are to be free of fiber pullouts , rough edges,
chipped resin or machining burns .
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TABLE 1. PREPREG IDENTIFICATION

Manufacturer ’s Designation

Type Resin

Fabric Style 
— —

Resin Content, Weight %

~ Flow

%

Gel Time

Batch No.

R o l l  No.

Roll Width

Cured Resin Specific Gravity

Fabric Manufacturer

Fabric Designation

Yarn Count and No.*, Warp

Yarn Count and No.*, Fill

Finish

*lI~~1udos type glass, type filament, nominal filament diameter, yards
per pound and number of strands to a yarn , i. e., ECDE—75—l/0.

_ _ _ _ _   

_ _ _ _ _  

d
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-~~~~,-~~~‘~~n-,;-r -‘flJ - - - - *, — — — 

‘ a—



TABLE 2 • FABRICATION OF LAMINATES

t I , i t . ’r i a l

b - a f c z i u - -~ t o r  

No.  of P l i e s

iu r - c t o n  of P j i - s

P ly Sequence 
— —-

Edge Bleedout

Vertical Bleedout

Nominal Pane l Size

Temp . Press Room

R e l a t i v e  H u m i d i t y - P r e s s  Room

Cure H e a t i n g  Cycle

Cure Condi t ions

Cool ing  Cycle and Quench

Postcure  Cycle  and Quench
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1 , j  ‘I st  E ’ r o - ,~~i u i r i - s  f o r  Woven ;  i n t l  N c ’s— W o v e n  L am i n a t e : ; :  Thi- i t  t emp t
n m ’ , F . -  ni m o - i . -  I t s  s e l ec t  st a n cl , mr i F I ‘i ’c l  t c-st pr it - , -  l u r es w h e n  - j r  su c h

t i - s t  s a r c ’  f o un d  t o  yr -Id n c - I  n i u c l c i c  ibi s - results in m a t ’- r ial c- v - i l ua t io r i s

- i l - i  w~~. ’ ni  n . y  . i n i -  i n  - m , cord w i t h  ‘ ; i r n c - n c t  d s - n u t n -g i a u ’ t ’  i n d u s t r y  ; r - t i c s - .
I n .  - ~t -t  t m i n i  I t-s t s . S~ - i t I u i a r c i t Z d t  ion has not be -ri achieved and i t  b-is P t ’—

- - -m i - n c . - . ’ s ’ ; m r y  t o  make a rb i t ri r- ,- s e l s - c t  i c i r c .  However , t hes ’- S~~~l s n u t i O f l S

m r  g e ne r a l l y  i t t - -ui 15 I~~ ’’l i m i n m a r y  stud jc ’nn in which the  e f f c - - t o of t ru s t
y i n  ~~~~~ l i - n ;  i t c i v i ’  i t - - n  , . n m u m e r m t c ’ ’ l  and have  b , i ’ c - t i  c u r d  irmed by a ;-; ‘- n i s s  c i

con} m r i’ i v . -  t o - c ; t .5 ( round  r -  u t u i n s )

3 . 1 T e n r - i , u ; i :  Th ree  d j f f i - r c ’ r t t  s l t i - ’ - i r tne n s  ws r ’-  e v a l u a t  ~-d f o r  t - - r c S ~~Ofl

f - s t  i t t u t  of glass r e i n f o n u : s - c l  p l a s t i c s  (k s - f  2 )  . These specimens a r t ’
( 1 )  A~-T~’~-D l u ~~~ Type 1, ( 2 )  a tab  ended s t r a i g h t  s ide s p e c i m ’ - n c  and (3) a

mod i f i  s -c l b c t w  t i t t  ( I t  u n i t ;  necked ) s p e c i m e n .  S I n c  imeri s were  e v a l u a t c d  w i t h
r i - n - in  - ‘ r c ’ . - t c t  of , u 4 ,  32 ,  and 36 I s - n t - n t by w e i g h t  f r om  l a m i n , m t t - o  made
w i ’  h 1FE X ( ’I- lL F — 1 ’- l / 7 7 8 l — 5 5 0 ,  a f i b e r g la s s — e p o x y  } i n t - ~ u r c - g . The s t r e n g t h
- i n s!  s’ if t n i . - s s  of I h i -  l ong  r o cked bow—tie  specimens w ’- n e  c ’ c l u i a l  t o  or

i -  - r  t~~u he c i t  her  t w o  spec imen co u n t i g u r a t  i ons .  The f a i l ’ i r c -  mode
I ‘ P c -  l i : n c i t n c ’ u ’kt-d cc l ” u - i men s  was c o n s i s t e n t l y  w i t h i n  the  q a u g ’-  a r e- i ,

w’ ;i Ic  t he o~ F c i ’ r  c lum ped spec in ns f a i l ’ - d  in areas where  t h e  st n e s s i c - V t - i
w i n ,  I ; , , u o ’ ; t i t  ‘0 be lower t h a n  a t  t h e  cen t e r  if  th e  spec imen .  To t ’v a l u a t  t-

c . - A~~T7 -D ’3 8  t ;pi ’c imen f a i l u r e  mode at  t h e  shoulder  r a d i u s ,  a ser ies  ~cf

r n o d i f m i - c F  s } - c - ’: imens were prepared . The m o d i f i c a t i o n  was to change  t b ’
s l m c ; i l u t . . n  no r u s  f r o m  the  s t a n d a r d  t h r e e  inch  to bo th  e i g h t  c s - I  e : F , n  , - s j n
i r i c O s ’ S .  T b  i’ ’. ’- r a d i u s  changes  d id  not s h i f t  the  l u - i t  i on  of t he I i i  l u r e s ,
t h i n  is , t , m i l t ; r c - n c  still occurred at  the  s h o u l d e r .

T ,i t ~ h . -  3. T -nsile St rength versus Specimen Geometry il lus t r at -s
tt i. di Ifs r c -r cc e obtained by the three types of slu c ’t- im ens.

As ii result i t !  these investigations , the t i - r u s t l e  strength tests
t i c!  woveri fabric (bi—dir -ct ional) laminates shall be j i t ’ r f i t r m c - - ! accord ing
to ASTM—D6 1k , Tensile l’ nt )I s ’r t it’s of Plastics, s’xu c ’I’ t i s  follows :

1) ‘ri - n-u I specimens  shall be as shown in Figure 2a.

2) Rate  of c t  rain shall be 0.018 to 0.024 i nit - lu’s/m m s u i t . -  -

3) (;age length should be two inches.

4) The recorded load and strain magnification shall ii. - adjusted
sri that 10 scale divisions ir e  equivalent to 10,000 psi and
0.005 inches i i i  strain.

5) Li c m i i  ds’format ion shall i t ’  r c - u - c c r i j c - u j  to break .

Tensi le  t est  n ;  F i ,r non—woven (di r s’i ’t iona l ) laminat s - s  have h~’ s ’r t
i nvest  i q a t  s.d (k. f 3) and proc edures have  been inli-o r }cdc rated i n i t  o
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L A M I NAT E
I~ 0•080(

—0 015

_L~~i - .
0.188 D1A I
+ 0_ao l ‘ ‘~

..4
~~

_ 050

5.2500
( SEE NOTE 1)

+0,004
-0.000

~~~~1/ 4 R (TYP)
(SEE NOTE ?)

CC, SYM~~~~ ~ _ _ _ _ _ _ _ _  11 .50

N +0,000
0 496 - o.0o4

O.25O~~~~~~~’~~~ 
l —

NOTES:

1 . TH E WIDTH OUTWARD FROM
0.496 SHALL RE INCREASED
GRA DUAL LY AND EQUALLY
ON EACH SIDE UP TO 0 500 SO
THAT N O ABRUPT CHAN GES IN
DIMENSIONS RESULT.

2, TRANSITION FROM STRAIGHT-
SIDED CENTER SECTION TO
TAPERED SECTION SHALL BE
SMOOTHLY JOINED IN THEI — —

~~, SYM A

F i g u re  2a .  Tens i l e  Specimen , Woven F a b r i c
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1:n-Yl ’M— D 0) l ’ s , ‘I’ -rmsj 1’’ 1 n i ; t i  - n t i,-s c i t  O l d - n c  I ( . c -~ F - i  i i i  -n  ( ( d r n n l -i i n - ; i t s - s .  ‘fest 5

F u n  I - - ~~ c c t I  s ; t t . - r u i ; t h  i f  d i r - u t iona l lami nc Jm t es - i r s -  t i c , - r i - f u i r c ’  c o n du ct e d
i r d i n m g  t i  c’-. F M — t t l O t ’ t  wi t h t lis- I i  I I w u n g  c x -  c - p t  i o n s :

1) T- - c - t  i r r i t - r u n - ; t i n  t u t t n — w u u v c - n c  ( d i i ’ - i ’tj o n i a l )  l , i r n n i n u , m t c s  s h a l l  Li ’
is sh o w n u  in Figure 2lt

2 )  I - t I c -  of - - ‘ r i m ;  shall be 0.018 to 0.u c , l  j n i i h c ’ u u  ~.er m i t - i t t - .

1) oaqe l c ’ n i g t  h s h a l l  t i c- two i n c h e s .

4) The recorded load and strain maynifit -at i n  shall be adjusted
or’ that 10 n - c u - a l e  divisions are equiva l i- n t t o  1 ,000 psi and
0.005 i ntcl uc -s if strain for fiberglass. With tb. h i g h  modulus,
low . -l t nqa t imn - n t  m at c- r ials , tjic magnifications are adjusted so
that the stress—strain ;- l ot is at an angle c.f from 450 to Iuj i

w i t h  t i m - I - c t  r a m  a x i s .

5) I, c t m c i  ‘k - f o r m a t i o n  s h a l l  be recorded t o  i , r ’- i k -

500 + .010

P ~~~~~~~~~~~~~~~~ 6,0 MIN. — p

9. OM IN . —

.080 ‘ .010 ( EVEN NO. OF PLIES)

? O— ~3~~~MAX . 
~~~~~~~~ ~~~~~~RT GR I P S

~~~~~~~~~~ (STRAIN MUST BE COMPAT~8LE
TO MATERIAL BEING TESTED)

F i ’ ; u m r s -  2b. T e n s i l e  S~ ’ s- n - i m s - y m ,  Non—Wov eni  L a m i n a t e

15
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- - --

- - ‘ r t u n n o u n , :  ( i c r n I r c - c t o ; i V c -  t i ’ u ; t  m i t  t i n  may bc c i c , i t i c t c - n  i ’ d  I- / h i c t i

t h e  :- ‘ - ii~~F 0)  i~ ’ n ’ 1 y n t i q  t h e  l u i l  f i t 1 F t . -  t i - - c l  - ir s’s and  ‘ t ie  m u - i n s of

st i F - i l i ; - m ’  i c r ;  -o  F .  I ’ n , . ’ r .  s t e  t w o  j - n  i r ; c - i I c d l  I u c . i l i n , F  }un f - c r - - - , :  u l u r . - i
c c i i  ; ~ - . m c 1 n c u ;  i i  I t c c ’  c ;~ - i - - - i m n - n m  - i n  ci beam F c c - n t - F i r  d c l

c c r n f . n . - s c . ; i n ;  n-ic c - I s - c c  i f  I a u l u n c s  F u r  t c l a t c - s , 5 a n u F W  i - f ;  sp i - i n O n cu- ;  i n - F  
Is c - s r i  f c m v . -  i d i f t i - n e n t  ; t r . - n c q t h ,  and u - i t f l l r c - - . u c j v e  f a i i i r c -  w i l l

i i i  d ‘ ‘ F m ,  - - -  w . - t ~~t n (-  n : - 3t Ii mode ox i n ;  t i n  iq in t I ;, - s I c  - - - t nfl. - n c . ‘lb c i  - - , -

i - r e s s i y -  s’ r n ; !’:, is :, - ‘ ‘ i  t - - - - t s ’ -  t er m  but tu i y  t i - f t I - , m y  m c d -  of
n i l  fl- i c - u-, - i t  t m t  l i i - , c m - - l i  w i t :  i t : -; y c - l a t c - ci  u -, I n c - n c I t h  mode . : O S i o

nnu i ’ , - r i m l  
~- - ~~I n c - s s i v , ’ ’ , t m , - n c i  1t  cm u F s - n ; ’ - r d l l y  r e f e r s  t i c  t h e  v a l ue  o bt a in e d

mc ‘ F c c  - - : - - ‘ -  t m - - n .  i s  so t h i c k  a n ; d - o r  so u ; F u t u r t  that no stab il io ,it ion is
r . - l - i n r t - ; F ,  i n .  I i l . m r - n . - n r s r y  - - u m p c i : c i t c ’ s , such basic  u o m p r c ’~~; i v ’ -  f a i l u re s

i i i  t . i k , ’ ‘ c i ’ -  F - - n - I-n of f i l a m e n t  f r a c n - ; t u - , f a i l u r e  of m a t e r i a l  s t m b i l i z a —
0 , m.i ’ n i x  t , i i ~ i t ’ ’ , i n  I - m y - n  i r n s t a b j l j t ,’ .

TF~ ’ ‘ w u  - 0, 51 met  tu t u -, select c d  f u r  compress ive  t e s t s  are :

~~ ‘ ‘ - n  R j c t i r , - i - t i - u r i m l  F a b r i c  Lamir ;;m ’ c - S  Tested in ~ 0 or 900 Dir.’c tion
m c i i  N i i n — W i i v c - n L a m i n a t e s __Tested i n ;  t Ime 90~ D i r e c t i o n

i u l f l l , I . - t ; :.cive t m  . - r ; N t  Ii s h a l l  bc 1- c - r t o r m e d  c u c c - u n - r u l i n g  to t i ~’ -  r . - q u i r c - —
mn en t  of ASTM _ D6 t , 5  Compress ive  F ’ r o I , c - r t  los  of R i g i d  P l i s t  i - - u . , . ‘ x c c - l u t  as

1) T’- - ;t n-c~~c-t:Im c .ns for woven laminate fabric bidirectional laminates
shall be as shown in Figure 3.

2) Tt ’c ,t specimens of non—woven laminates test,-d in t l u c ’  ~~~~ direc-
ti on shall also be as shown in Figure 3.

3) The specimen support jig shall be as shown in Figur .- -1 -

1~ 4,00 S

$ —

1, 25 -
~~~~ 

L__ 1.5 RA D.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _I
II 1. 125-f

Figure 3. }S i d i r s - r - t i o ns  I F a b r ic  C d d m l c r c - s s i o n  S~ it ’ e im en  
—
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_ _ _  L Ji_~J’~ 
LOADING
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4 )  ~c ’ r a i n  f l i - i - , i i m . - t n i - t u t s  o h - i l l  l ie m i t t . -  using , x t , n s o m e t t - r  .it ’~~~i Fc ’-

C) ‘ n c  t d u c t i ncu s a t  a t i n t , - in ch  m i i t . l e n g t h .  The m et  l i d  of i n - ;  i n - F
n -  ‘ss I s-a l mflu - ’.’ . - m . - u u t  t u ’ i  rfl, - . m o u r l m i q S t y  s u n  is no t  m i t - I t able .

5) The - . c  n u n  r m 1 c . - s h a l l  tic 0 . u 1 8  — 0 • 0 2 4  j r ; i :h , s / m i n u u l t e .

i t ) ‘ It; ’ - r u -  ‘ ‘ m c i - m t  l o o t  m i t t  o t  m a i n  m a g n i t i c u - i t ion  s h a l l  b- .i u F j u i s t  c - u i

5C) t F u u t  10 su ’. i l c -  i u v i s i u -, m s  j r . -  e qu iv a l c -- n ; t  t i  10, 000 1 : - i - i n t l
0 .005 i r c i ’ t t , - s  i f  o t  r a in;.

7) P sm- i  i F , -  I - - t  m i t  i u u n u  shall be rs - - s u m  t i ed to  b r e a k .

-
~~~ - - i - n  L a m in a t  - ‘cc -r s os ted  in the Dir - c - t i o n  of I h i -  t’ i h s -:rs

D n n -  t ion )

n n ~ m i - s s i vn - -  - - t  r -  - c u l t  I ; shal  1 h i -  ;‘~~
-
~~ 

f - u n  mt - ct by the  “ S~~n d w i c t m  f t - a m
m u  t own : in  F L p u r c -  5. P u i r t h . - r  d c t  a i l s  of t hj c ;  ‘ c - s t  mc-’ : ; - t - F

a r -  q i v i - n u  m c ;  R e F ’ - t  - - 4.

TEST SPECIMEN
TEST
L A M I N A T E

4 7~~~~~~~

I 
CORE SPL ICES

li
i i ~~~~~~~~~~~~~~

(CORE l I , ‘

~~

‘

~~~~~~~~~~~~~~~ 95 I N

(Al ~ 3. Q IN ,

1.0 ‘& 9.5 IN

METHOD SANDW ICH BEAM

i - i - l i t ’ -  ‘c .  ( “ . m ( u r . - n ; n-; i o n m  N j u c ’ u - i m e n  — Sandwich rican
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F T n t  n , m l a m i n i o  n Shi m r I m i ~ ‘- - n t i t  ~ (In Plane Shear

1. 1 .1 I i l  i-H-- i n  i - i t  F i t  ( b c - f  5) : T h u s  ms ’ t lu c .i I is - i  p  n i t u -ed i r , .  u s i n u c t  - i

mnc c u i i t j c- u l } ‘ l - ’ - i m e  f r a m s - .m ll ’-d t hu “ r . i t l  o s - i n  I c - S I ” . I t  too ’s t i t l ; i r m
1 , m r n i n m t i - , I . I t ’  t c u  I H I  i n - l u -s t f u i c k , 3 inche s w i d c -  by 1 i nches  lot , tj ,
SW I - t i - i  dlc ruu t ~ t six m c c i i  ] c - t u m ; t l i  by two p a i r  oF r a i l s ,  le a v i n g  a
I 2 c c ,  L — w u - f . -  u i m uc - c - i I i - ’ - m  ‘ - - f c ’e r u t  raT c t - u t i ts . A i - c u r t u l . n . ’ s s l v e  l i t i d  i s

i - - f ‘ ‘ -  ‘ t ic- :.:. - ‘ - c im en  d i m u l ’ t . i m l l y  ,i lui n u l t Ie- r ai l s .  I - , u m t s of thin - ;
n t -  m ’ - m c - -  i i i -  u - c u t u t . m r n e d  it, ~~~~~~~~~~~ 1.

1) T n -c t  nsj - - : i r u . . u ; s :  Tes t  s J ’ t - u :u m e n S  s h a l l  i c u n i f u r n n u  t i t h e  d i m c -n c - t i - t n s
, ; i w u i  I n c  F i q u r c -  ( . . The ;, - ;c }u -i -rmeris have a tue t n u t - u - f  t o r i  f u r  o l u - a r  dis—

- r t  i c r ;  1/2 u n ’ ’ h i  w n - I c -  i~ ; 5 inches long .m m; uI .m n et  s c - - I  t u m m u  t o r  oh - a x
u - ct m s- m u t t  h 5 n r c h e s  I u t ; u l  by t h e  t h i c k n e s s  ‘ i f  the l , i m i n ; m t o - . The 5 — t r , u hu
i t i m c - n u c,lc,n ma’u’ b~- (1 ) I ci t a ll e l t ’ t  the p r l t u u - i I u a l  f i b e r  u l i r c ’ c t  ion for

- 
- 

i n ’  n . u l , . t u - c j n ; a r  sheir characteristics , (2) - c - r n - . - n u d i c u l a r  t - u  tIe-
i i c c r dir ‘ i u : .  for .) 5 i t ~~0

O c - h , m r c m c t c ’ r i s t i c s , or (3) a t 450 t o  t f c t -  f i F s - r
‘ t i r e ’ ion I -~~r . ; ,

0 
- H m t uu t -riot ics, ul.- ~ i c ’t c t i n m g  on t b ,  an g l e  f o r  w f , i u - F ;

s i t - - j r  ‘-h - m i m I  u - r i - u t  i s o  - - m r . -  ( F c - s i r , - c F .

The 1 m m - a r  c - c t - ~ i - o  ~ u f  t h c: - .I i u- u r n ’ - ) ;  t f l i \  have t u t u  , ‘ t , u u u l  m a r k s  f m - m u m

tt m ’ - )t5O t i i f l h i d~~ - - t - u  - i t  j i u n u ;  l i u i w . - v c - r  , t li c - h i - I t - n - ;  s h o u l d  b. c I t  i i i  .‘d a m i d
n -am -i t  ar u ,F t I c , -  1 ‘ . ~ro - Fm radius s h a p i n g  it t he e x t r c - r n t i t 1 ’  of t h e  n ; i - t
n - . e u t l u n d  s h a l l  0.- f i n i u , : u . - F  w i t h  , m diamond c u r -  ‘m r - r i  w t ; c - t - l .

2 )  S~~~,~~~~Of ’I’f s t i r u j _: This- s t , cm s .t l of test i n g  sha l l  be 0. -51 t o  0. - i i .

u n ’  c u d  - S Js-  r mi  n mu I i - Un 1.- n - - s  ot h i - rw  t o t  - 5 15 - c  - i I ied

3) I n t r m l a m i n u a r -  S I t - m r  51 t i - n ; u ; t h :  Ca lu -’u j la t s- the shear str,-soc ’s sod
o f - - a r  — ; t  r e n c - ; ’  h s u ;  l i i  -wo n

T —

l t  ( P ’ t ~~, m t  io n 1)

w t u ’ - n  c - : T ~
u - -F ea r  s t r e s s ,  I S  i

I ’ - load ‘ m m  I t ; - r a i l s ,  pounds

1 = l c - i ; d t  h of s p i - c i m e n i ,  in; c ’ Fm en-:

t = t l i i  t . k n u , uo; of spec im t - n  , inches

• 4 )  I t t  I i a l  am n.m r Sh i n  St r a i n :  C a l c u l a t e  c i t  observe d in cc - I 1 y , i f
l o s s m b l  ~~~, ~~~~ F - °n u i - ; r c c n u  i l l  I a n - l i - r u t  of I I i ’ -  a n g u l a r  i - F t a r u q i ’  f u , - t  w, - , - t u  two
11 c c ’ - : .  u I  i t l i t d . m j l y  j c c - r ; c ’ m ; c t m u - t m l . m r  I t ,  each - i t  F u r  t h i r i c i O f u  . i  pdiufl t in t h e

u -;) s -c i m~’ n u .  Such - f ~ - t  r u s i o n  m c ;  m c - m , ; u m r , ’ n I  i n  r a d i a n s .

19
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COMPRESSION
ON L O A D

DRILL WA.

H-
GAGE POINTS

MAXIM UM 2”

0 - -H

~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~ 

‘

~~~~~~~~~~ ~~~~ ~~~~~~~~ 
TO

3” —0

COM P R E SSION
ON LOAD

F i g u r s - ’ 6. Ral  I S } i c a r  S I t i - u - i m e n
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5)  )‘t- - i t u i l t i~ ~i i f  b i - ; i i t i t y :  C a l c u I m t , -  t h u ,  sl ips ’ of  I F S -  in i tial t i m i q s n ; t _
n c - - i - c l - i - . of  r t q i u l j t ’ .. ( u ;  ) t t u  i n u t r , i t - m n u i n a r  s l u t - a r , a :;  F u l l u i w s :

- T P’ AO
t~ o i t  A ( I - d i m - i t i i c r  2 )

c - n . - ’. l u c ,id m t  c - l i s t  ic l i m i t , h t m l

() = u t u - t  r u s i o m m  c u r t  r u t h  i u r c S ,  i n c u S, :. ; n I t

AC) = qagc- point d i st  c cc , - , i m i - -he s

AB = d i s t o r t i o n ,  i t uu h,-s

3 .4  1 .0 5 5 0 0’ S b , m t  1 ’ :  It u isson s R a t i o  in  T e n s i o n  s h a l l  t i -  u i c - ’ o- r m u r ; , - c i
r i l e ) i n  P s ’ f , - r ’ - n c c -e 6 w i t h  the  f o l l o w i n g  c - x u - ’ - 1 ’ t  i ons :

1) The s j m c - - - c m e r c  shall be eri e i n c h  Wi l t -  by — 1/ 2  in ches lon ’i .  For
c l u ’ v m i t e , l  t e m p e r a t u r e  5 c - s t ; , i t  may be necessa ry  to u s c -  s h o r t - - r  spec i mens
i f  ‘ c u ’ -  heat i n ; q  ‘ ‘ d c c c i i ’ ’  u : , i n c n u i i t  :m scomrmj n odat e t h i s  l s -n g t h

~
) An e x t c - - r i n - - v t m s - t e r  s h a l l  he - .: i -r c t r a l l y  located to measu re  longi-

tudinal extension s, and strain gages centrally locateut to measure lateral

contractions.

3) Dr’termjruation of Poisson ’s Ratio shall be mads - on t h t ’  i n i t i a l
loading cyt - le o n l y .

4 )  1./ t a i l i n g  s h a l l  be to t m h m h u r u u x l m u m t , - l y  7 5 % of ultima t e strain as
l c - I , r m i n e d  by t h e  t p n s i l e  t e s t .

5) E x t e n s i u i n ;  amid u - o n l r a c - t i o n  s h a l l  be c o n t i n u o u s l y r t - - - , i r u i , ’ u - I .

(‘~her details shall u :u)m }uly with ASTM—D638.

3.5 Inter larn irm ar Shear :  rnter 1~~~inar sit s-ar I s-st s for f ibergia ss corn—
pos itc- u; have bc -c- r u  conducted according to ASTM—D2733 , In te r l a m i n ar  Shear
St x e n g t h  of St r u c t u r a l  H s s i r m f o r u c ’ i t  P l a s t i c s  at  E l e v a t s ’u t  T s - r n l c c ’r a t u r e s ,
M i - I  hod A. Howi ’Vc-r , it 15 iL-cu[fllTi(cflded that I h , - s c -  tests he conducted

for fiberglass as wt-l l as other reinfor ecum i nut s such is boron , graphit s - ,

ur i c ]  Keviar according I i i  A S T M — D 2 3 4 4 ,  A p p a ren t  H er  iz o n t al  Shear  S t r en q t h
‘if P’ i u u f ’ urced  P l a s t i c s  by Shor t  Beam Method .

F . 6  F ’ l . - x c u r , - :  F Ie x ;u r -mI st r s - n m c j t h  f u r  r c - n n f c u r c - i - i i  I , m m m m i . i t c- i -c s ha l l  be

~‘er fc,rmed in m i  - t r ’ l a m m c - ’  w i t h  A STM— D 79 0 ,  E ’ i c ’x u r a i  I n  u i l , ’n i ies of Plastics.

3. 7 F t c  - i t t  m u m j  Bear ing  n ; t  r c ’ n i d ; t  h t s - c u t S  slma 11 t uu ruform f it  ASTM — D95 3 , Beam —

i r u ’ F  St r i - t i l t  h i  m i t  Plast ics.
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3. 5 :;j , - - m F i m - m ;n i v m t ~~~: Specific gravity shall be determined by ASTM—
1 1  • i I m u  c ; r o m — i  y i t t - F  D e n s i t y  c c f  P l a s ti c s  by D i sp l a c e m e n t ,  (Method

F . ‘ )  R, - c c  - n u ( c u r d  c - m i t

3.tL l Fi lc- ,~~~~ass Reinforced : Resin content shall bc determined by
AS I’~-t - D2 ’u b - 1 , Ig niti t uru Loss of Cured Reinforced Resins.

~~. 
‘~+ . :~ i t u n u n , ;~~~j~~ i t e,  and Keviar: Resin content for boron , g r a p h i t e,

m m c m l  K ev i ar  m r ’ s  de t e rmined  by the method of ASTM—D3171, Fiber Con tent
c f  R e in f o r c e d  R - s i n  Composites. See also Reference 7.

3.10 ‘-,‘c u I  C o n t e n t :  The void content  sha l l  be de termined by ASTM -D2734,
, . c i u ~I C o n I c - n i t  of Re i n f o r c e d  P l a s t i c s .

3 . 11 Test  So-h m e d u l e  and C o n d i t i o n i n g

T”s ts :  The s p e c i f i c  t e s t s ,  number of specimens to be tested ,
;-r~~-r conditioning, test temperatures , and laminate test directions
a r c -  shown in Table 4.

Test Temperatures: Test temperatures shall be — 65°F, 75°F, 160°F,
T max and T max +500F. T max is the maximum temperature a ma ter i a l  can
c : ’and f o r  100 hours of service without evidence of deterioration.

Test Conditioning (See Appendix 2)

Dry State: The dry state is attained by conditioning specimens
i t 45-55 percen t relative humidity at a temperature of from 70°—75°F
f o r  fourteen days.

Wet State: The wet s ta te  is a t t a ined  by s u b j e c t i n g  specimens to
arm . i tmosp here  of 100 percent relative humidity at 125°F for 42 days.

Tests at -65°F Dry State: Specimens are conditioned for one—half
ti (,cm r at —65°F prior to testing at that temperature .

Wet State: Specimen s are conditioned at —65°F for one-half hour ,
returned t o  100 percent relative humidity at 125°F for one—half hour ,
-y (-led four time s and finally conditioned for one-half hour at —65°F

I n c u r  to testing at that temperature,

T c - n - i t s at  160°F and T Max +50°F: Specimens are conditioned for
‘u r i C  ? m o c i r  a t  t I m e  test temperature prior to testing.
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TABLE 4.  TEST SCHEDULE FOR TYPE I AND TYPE Il LAMINATES

Nu m ber i f  Sp ecimens

Type I and Type I I  Type I I

T -st D i r e c t i o n  — o 
Cond i t ion  Ambient  -65 l P O  T

T , - r c c ; i i m n c  0 d ry  10 10 10 10

l’c - r t c - ; i i i n i  90 dry 10 10 10 10

T . - n u s i O n  0 wet 10 10 10 — —

T en s i o n  90 wet 10 10 10 — —

( O i m h - r c . s s i o r u  0 dry 10 11) 10 10

Cu u f l } u r t - S s i c d n u  90 dry 10 10 10 10

Compression 0 wet 10 10 10 -—

Compression 90 wet 10 10 10 ——

S F t c ’ o m r 0—90 d ry  10 10 10 ——

Flexure 0 dry 5 5 5 5

Inti-riaminar Shear 0 dry 5 5 5 5

I ; ’ - i r m r i c ;  0 d ry  5 5 5 5

P’uisson ’s Ra t io 0— 90 dry 5 -— —— — —

P o i s - c in i ’ s R a t i o  90—0 dry 5 -- —— --

Type I - General Purpose Laminates

Type II — Laminates for Elevated Temperature Use

Percent Resin — 5 tests per pane l

Percent Voids — S terts per panel

Specific Gravity - 5 tests per pane l

7 23

- ‘
~~~~~~

‘:  -
~~ 

—
~~~ ~~~~~~~~~~~~

- --
~

- ---—- — - -  
- - . 

a



~. 1 2  R ,- 1- - r t t n a  - 1  S,mta: Data shall be summarized as shown in Tabic- 5.
n -  

~ ‘ i ’ n - -s - m m m d  u I , i t d  for I itt- various ts’st. .~ listed arc- t, t m m i c - l u d e  the
- I IO W in u - F

F - i - s i r ‘ u n c t s - n m t , Sj~~cific Gravity, and Percent Voids: Record
indiv i jm ,iI r~ -ad n r igs and average for each panel.

‘ I c - c u - i l c - , Co n n j -r e s s i v e  and Shear Properties: Record individual
i ’ m - i - d c - t i m  mmu , mt  ion u .- u m r v e s  or stress—strain curves tic break , s~ u s-c j me n

‘ m u . .  , ‘suul panel identification . The average t s - n m s i  le and m um-

h’ n i-ssl ’ - .- -I r .-nq th s arid elongation at break and shear strengt hu shall
F , -  r i - j u ~ c r t i - - f  w i t h  s t a n d a r d  d e v i a t i o n s.

P o L s s or m ’ s Ratio: Curves showing Poisson ’s Ratio versus Extension
ta m ‘Ftc- lonmqitudi m- ial direction for all specimens tested shall bc- reported .

t i s x 1 m n i l t i r u c j~~- m  ties : Load—deflection curves on ,ill samples and
i ; ’ - r m n .  l , x r , m l  i- ct r s - n c j t b n  and initial modulus shall he ri - Iu o r l . 1.

Bear i ng Pr c~~~~r t i es :  Load at four I u i - r ’ s ’ n l t u l i - f orinat ion of hole
du - mn . - ’ er mn - F  at fa j lcj r - shall hi-  r t -~u o r t e d .

r n ,  - - n  . m rn in; .j r du .-ar: Report specimen dj mensic ’r m ’-u  arid lu u , i u i  it

tai lure.

4.0 l id- , ,I- .NTATIu)N OF DATA

-1 .1 (;rm ~- lmi--a1 I n i - s s - r . I m t i e n m : Uniaxial tension , compressic’n and shear
irs- c h i o w n u as - ; t  r . - : c c , — c ; I  rain relations at c’ , m c -h  t c ’ n n h i i - r a t u r s ~~. P u u i s c ; r i n ’ 5
Ra’ i’s is - f i t  - w n u  m c ;  t F m . -  ri-sp on us s- of t hs - 00 e l o n g a t i o n  and 900 cent rac—

m c m i  c m ,  t hu. - m l i i i i e d  t i - r m s i l , -  s t ress .

Wh c -n  10 c c r mo m ’- r i-suits are available at a Is-st t - c~~td it ion stress—
c - d r - m m  n s - k - m n i o n s  are hulotted as an average Curve and a plot of the
m m vs -n el .- m inus th is - .- fins - s the standard duration is also shown . When
five tr, nm .’ results art ’ obtained from a test condition, avs-rage,
m~iximum and mi n imum values are plotted .

-1.2 Tabular l’r ,-senmtation : Uniaxial tension, compression shear,
fl rcxure , b.- -m rinq and interlaminar shear data are listed in summary
tabl -s at  e.i’ -h test condition as well as the fabrication conditions
- m d  l i t -  J c b c y . F ca 1 prop s’ rt ic -s of the laminates.
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TABLE 5. SIJMI’IARY OF MECHANICAL PROPERTIES

Yom} ’os m I s-

1 1 , - n t  i f  j c m t  i c t n u  R e i n f o r c e nm s -’ri t Res in  F i n i s h

a l u m  i c it m i ni Method Pressure Cu r e
Post u - t i r e

T h i c ck n s s u c  P l i e s  inches

i’hu’ ~
— u m c , -ml it r ( u i u , r t  m c-; Percent Resin Specific Sravity Peru- c -ni t Voids

Temps’ rat i r s  - —65°F 75°F

Cuu n t u l m t i , , n m  Dry Wet Dry W i t  Dry  Wet

Ay. I’c ’ r c c ; i l i -  Properties
0° ksi

q . i i  ksi
Initial Modulus
00 psi x 106

- psi x l t) ~
Elongation at Break
00 I C  r ce r t
9Q0 Ft c - n- ent

Ày.  Compressive Props
0 -0 ksi

C3i )
m )  ksi

Initial Modulus
0° psi x 1o6

c j j (i psi x io 6
Elongation at Break
O~ percent
900 percent

Ày .  Shear Props
Strength ksi
Mo’lulus psi x 10~

Poisson ’s Rat io
0°, 90°

9O~~, 0°

Flexural Properties
Strength ksi
Initial Mod. psi x i06

Bearing Properties
S t r s n m g t h  4%
S tr e n g t h ,  Break

Inter l am mnm -mr Shear, ksi

25

- —. --
~~ 

- -
~~

--- -- ..——- 
~~~~ 

---
~~~

- --- 
- — - -  , 

-a



5.0 I’S ; uPI-:I~’PIE S OF. CONSTITUENT MATERIA1S : Chapter .~ of MI i — iiluI tV— 17A

- i - - s r - n h ’ s  t he  v m r m u u u u s  r i - c - t i n  systems and rs-it ifu i r ’ c-mi-ruts cm c ; , - u F  i n  com—
p o s n t  , - c - m c u ’  F q iv s ’s  t h e  a l i l i l m i - ab l e  ct ~ - e u - i f i ~~ , i t  F or t  f u r  , h s ’ I c - y m i n m n u c F  f bi ’-

m u - l i a r  - , m l  , ~-F;yc ;i c a1 m n m d  s - l s u - t r i c s m l I - n  t i I i i . r  t m e t - u  of t i m  i n - . ’ i t  u - n i t  s.

‘ - . 0 TL~~T ML T II t  hiS (~l- JOINTS AND ADHESIVES : I n f o r ma t i c ut t is pr- - ‘il - lc d

i n  ‘su u a I I i r  S ot th i- Handbook on joints fabricatc- il by a d he si v ’  b e t i d i n g ,
n. -u :ci - i~m m  j (  m l  f a s t t - r m i n c j  or a comb i n m , m t  ion of both t yp i - s .  R e f c - r c - c u u ’-c - ,  a r e
-~ ivsi n I cr d e s i g n  arid analysis procedurt-s for joint design. Summary
- c i t  t u u r  v ,m r i o u s  J o in t s  and a d h e r i - n m t s  have been compiled from basm- - - m i l y

- a u t u m n - i - c ;  m m u ; F  a r c -  i nc luded  in  C h a p te r  5 of M I L — H D B K — 17 A .

Test methods for joining composite materials are t ;t i rrs-n c - ly being
r t - v j s - w , - u F  , m n u ’ l  it is anticipated that they will be ini u - c u r ; u c r m t e d  i n  t h i s
c -h a l  ‘ en of the Gui ui, lin c-s - m d  M I L — H D B K — l 7 A .

7 . 0  TEMPERA Th RE EFFECTS ON PROPERTIES :  N o r m a l l y the  p r o p e r t ie s  of
- - - m i m i c ,  i t  c - c c  - i r c -  n c - u l u t c e d  ,ms th us - t empera t  u re  i n c r e as s -s .  The h i gh  tern—
nu su ratur s -. te st ini c 3 of composites introduces several important variables.

1) Testing laminates above their cure te rn~u c - r a t u r s -  c , mn  cause
- c c - u - ’-  r u tFa m -,‘ bi a r u c i c ’ c - ; (such as increases in crosslinking ) which will affect
thi s - m r  F c nci } i rtie s to an t’xterm t which depends on the length of time of

tic - c urs- to elevated temperature .

i) The low thermal conductivity of many composites has a direct
ieL i ’ ionship to the ‘soak—time ” and may not reflect t im ,- true conditions
-I t h u . -  mns- t - b t a r m i c a ]  propert ies at the elevated t e m p e r a t u r e s .

m , m S ,i in MIL—HDHK 17A is normally provided for the t c’mlii-rature
m r m q  1 -65°F to 160°F. Several materials have b s - c - t m  tc’sted at 4000F

, m n m u l  t h s -  - l , i t a is i r . - - t c n t t  id for these mats-rials which ws-re tested for
50°F plus maximum ss- rvmc s ’ temperature of 350°F.

H.0 FATIGUE : The curr s-nmt revision (if MIL-HDBK-17A contains st i n t -
summary f a t i g u e  da t a  on adhes ive  j o i n t s  t a k e n  f r o m  t h i s ’  literature .

The ,ibc~~’r i u s of f ’- m t  i gue da t a  i n  t h e  c - u r r s - n m t  r s ’v i s  ion  of MIL—HDBK—
17A does r i c o  mean this type of data will not be pri-sented  in future
f . - v i s i t u n c S  of t ins -  Handbook ,  but natb m , -r that d i f f i c u l t  i t - s  are being

e rm i o m n m t  s - r e d  w i t h  t h e  v a l i d i ty  and type of t e s t  specimens and t e s t
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• b u t  ti m , I i i  h i , - u s s - u l  f u r  u l c - n c . - t , m t  i n t l  t Isis d~mta. S r I  11 t f t c - i - ; ’ ’  p rob lems  a r e
n c - - - - i v ’ - - F  1 c m . -  gi n - n  i t  ion 1) 1 F i t  m c l i i , -  d a t a  w i l l  hi - r e s t r i c t e d  t c i  d r y  con—

h i m  u - - m i s - ’ 1 c u } - s - i - i m s - t u s  l i t  m u p i c -  I s - c - d c - u  at  standard t - c c n m t i i t i o n s  fo r  t h e  s t re s s
m i t  i i  - i t  w i .  ‘I’hs’ m - u i r u , t a n u t  amp l i t ude s t r s - s c - u  i s - s t  w i l l  be conduc t ed  - m t

c F t  
- ‘  —

t .O STAT I STICAl .  P ROCEDU RE S

A -B a ; ; i a  - The A - M e c h an i c - i l  p r o p e r t y  v a l u e  is the  v a l u e  above w h i c h
m t  l i - i - c t  s p e ru  - c - n u t  of t h e  p o p u l a t i o n  of va lue s  is c x l i -  t c - c f  to f a l l ,

w i t h  a i - u n t  n t i s - n i t - .- leve l c f  ~~~ }t c - n u - e n m t .

— The B-Mechanical property value is the value above which
- i t  1 - - i c - I i i  f t - r u - i - c S of t h s ’  population of values is expected to fall ,
w u t h  , m - t i n t  m - F t -ru e s - l evel  of 95 i c e n u ~~’nt

At tb ; -  - c i r r en t  t ime when ten or more results are available at a
- - - - u , n u u h t F o r t , ave rage  v a l u e s  and the  associated s t a n d a r d  dev ia t i on
, m r  - -  u p i v e n  m m  t h i s ’  t i b i s - c ; .  S t r e s s — s t r a in  r c - l a t i o ns  a re  ut  ted as an

i -  r~~ - ; , -  c-ur i c and .m p l o t  of the  average minus three times the standard
- 1 - - V i a ’  m i - t i  i s  also s h o w n .  When f i v i -  to n i ne  r e s u l t s  arc obtained from
a ‘- 5 ’ c u u rm(h it ion , a v s - r a g c -  m a x i m u m  and m i n i m u m  v a l u e s  and cu rves  a re

- 

- 
: ‘  i w m t

B - B a s i c ;  va l u i c - c - t  will be developed and i n c l u d e d  in  t h e  Handbook.
T h u . -  I s - s t S t r . - c c-u ,-s fo r  the m a t e r i a l s  w i l l  be c a l c u l a t e d  on t t i , -  b a s i s
of a n o m i n a l  p l y  t h i c k n e s s  t i m e s the number of ~t l i e s  r a t h e r  t h a n
im- , mc- m r . - u i  t h m i u k m i s - s c - u . T h i s  procedure results in t h i s -  r e d u c t i o n  of t e s t
m t , m t - m  t u ,  -m c ommo n r ’ - t , ’ r s - n m u -s ’ thereby permitting a uniform standard
m r m d e ~ c c - r u u i c - n i t  u t  f a i r  i c at io n  t o l e r a n c e .  “ The D i r e c t  C o m p u t a t i o n  for an

I ’ n i k n - mw r P 1 s t  r i b u m l  m i n i ” was used in preparing the data f u n  t h c -  Handbook .
( } s - t  d , )
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A i I - } - N~ u I : ’ ~ A :  F l ’h  - —  S P Ij T  R A I L S  E D GEWISE SHEAR -ri- -,~- ; - i -  ‘~~- iu - h - :pn;p 1- . ( P - - f  5)

i r n i ’ t m

tj c~. -  100 r n  ‘ c - O c r -;  c - h u t  F u b c - t w e e t ;  r a i l s  and spec imen .  I n  order  t o  l i r t l u t F e
u l u  - C t  mc r ,  f , .  ii u r  - i n  bear t c u q  , dri ll t i i i ’  h o l e s  in t h e  aps -c im er i  ove r s ide-  to
1 ‘2— ir m i F  d t , c t -a-’ - - r .  As m n added p r e c a ut i o n,  p o s i t i o n  t h e  r a i l  arid i t s
bol s i n  t - ,- -  hol ’-c . of t F ; i - c;~~- s - u  imen so tha t t b -  b o l t  is in cont  a c t  w i t h

F 
~~~

‘ m e n  c u r ;  t h e  S mdc- u i i i l - u u a i t s .  t~~ r- ornlurc’ss ive bearing. Tor i tic . I F a-
h t o l t s  t c -  70 lbs . f t  - w i t  ft  the  r o l le r s  located between r a i l s  and l i g h t l y
clamped t Q  m , i t n t l i i n  t h c ’ m r  p o s i t i - i n t .  (The r o l l c - r c ;  add l a t e r a l  s t , m b i l u t v
I i ,  t h u . -  r a i l s  and d i s t r ib u t e  the  f o r c es . )  The ce n t e r  p a i r  of b o l t s  c; buuu m l d

F - c - t o r c n - i c - - F  l i s t .

Use s t r i p s  u t  500 g r i t  t ’m cz -ry t api r t i m  locate the  b e a r i n g  side of the
di - rus  1- m u  ‘ f c m ( f e  as 1-er F i g u n - i - lA .

T h -  loading fixture and general test procedure is per t h e  FPL p r c - l i m i r t ~i r y
* t t i  the  T , m c ; k  l - u u r c e  fo r  T s-~~t Methods of M I L — H D B K — 1 7 .  However ,  -;

rnc ,cf i f i c - u i  d . - t r c - m c t i t u n u  gage as l i - n Figurc-’; lA and 2A is cic -; t - - F .  - The m i r r c u r  a t —
ned I c  t h i -  q t m m ~ c -  r e f l e c t  c ;  t i e -  image i t  an i l l u m i n a t - - i F  curved sc de at  a

1 2 0— i m m li iF  t c c l  m u -  c -  f r o m  the  m i r r c i r  ( F i gure 2A)  . The image is v i e w t - d  m i - u i  rig
a S U r V c - y c t r ’ s t ransit. ‘rhe cci c ,m le used was ruled t m . 0 1 — i n c h  and t h e  image
- -u - ju l be r c - - ; i u l v s ; r l  t o  . 0 0 5 — i n c h .  The shear c ;t r s ’s s  and m o d u l u s  of r i q i d i t y
a r c -  de te r in mirmed f r o m  t h e  u - c h it i c c r u c ;  shown i n  the FPL m t ; . u u n t . *

* ~sc o fj ~~ j~~ r 1 m en m t a l  R a i l c -; t o  E v a l u a t e  Edgewisc- Sbms ’ar~j~~Qperties of
;;1,i s ;-Reinforced Plastic l aminates by L. H.  F l u t t e r , E n g i m m s - c - r i n g
T ’- - - h m m m i c i a n  a n d  K .  H .  Bol l i - n , E n g i n m s ’ s ’ r  of t his- i t. S. F o r e s t  P r u i h u m u -t s
L,m bs c r , m t  cr y ,  Mac ! m ctorm , Wisconsin .
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A l I F 2 1 P 1 . I .  ;- d t - u I t—tJ-’~ u u u t ip f l ’ l i ) N I . m u ;

u i S V , h t  jonal I , - - ; I  s i l . -  - i m r u i ! cmu -ted on i~~; y ” - - r  ‘‘ wet ’’ ‘-o n d i t  j ( i r t c - m F

c - i l  t o W  u . u u c n l m -cc . . c r y  u i n c u i i ’ i c c ; , - F - ; } u c - u i m S - f l c u  i r e  F u r i i u t , t  t o  i - q u m i l  i b m  m m
at  i - - m et  14 u F i u c m t  7Q0 f i t  7 ’ m ’ -

I m n t c l  4’ 4 Ii) u~~~~~ , R . U .  t l j cCr t r i - m o v i l
r m i r n  t i n - c ; , -  - t _ ~~~t F - m n  F , - u i r t u j m t  i r s ,  t i u c -  coul - - n e i r s -  m rc mr uc - u ! u m s c . I y subjei :Ic-d

~~~ ~ xpu ~s u re  i t  c - .t  - -u ’ r usli t t i tu S c r  t i c  i t  b u t  n e r m v i r c u n u m c - r u t ,m l  u - t , n td i t l c i n t t l ; - 5

as ; c i i -  - , m t  sel i n  t u - F - i t  a n t - i l - u i  n - - c u .  - r ; t  S.

n t i s - s - c  , c I ; c c - t W i s i -  c u - u t  s d , d r y  si - e c i m en i s  are-  i - x p c u s c - d  ~~ u t he  t . -~~~ t i - r n —  
j t u ; n - -  t i u r  1/ 2  m u — mr  p r i o r  ‘ i u  t b u i -  t , - : ; I  - I n i t ia l l y ,  S h u t -  I t - c ; t u a 5 m n m c c f

is m 1 1 m w , - ‘ - - c on, - t i c  I rm s rma I c - q u m  i i  ibr j un  it t h e  t t~~~~t t - ti-d i s t i l  m r .  - . The
.mm l,t c -: ;t mo]c - t ur c - u u r ; I t  Id of t h e  a i r  m s  a l l o wed  to l m r . v m i l .  The t i m i n g
t i - n  - - X j - i u ; .  i t ’ -  t o  t b - -  . - c ; t  I s m i u d  - r at u r e  is i t m i t  iated i~~~e d i a t e ly  U ! u u t u

i n .  c - i ’  i o~~ i t t  I Itt c;}uc’cimens lil t ) t h e  oh s - r u e d  c a b i n e t .  The- t he rma l I t t - - C  c i a

oh ‘ c i , -  ‘ es ’ - u F u t n u u . c  should he s u f f i c i e n t  t u  recover e q u i l i b r i u m  w i t  Ft t he
- - t c - r s - n , i t c m r u -  w t h j n  15 m t n u t s - s .

~ h c - r u I -  i t ; u t d - T  1 tm 5 I c r  c-xposure are  r e q u i rs -u l , s~~~ u iin.ens may P c -  aged
i s  c m F m r m u - I  ~ u u t h er  t h a n  t F u c -  t c c - ; t chambers .  ‘ ) n ;  t b u o s e  u c - c - i s i o f l s ,  t he
t r a n s  I c - n  of c ;j t s c c l m e n s  f r o m  t i - u ’ - - auxi 1 i a ry  cimambers to Pc- test c / d k ;  i t t -i -

m i s ’ b u i -  ac o m j i l  i~~~i m i - u ! SO t l u s t  t h i s -  Specimen surface t s c r n h i u .r a t u r e  r e m a i n s
w i ’  h in  I he S l c s c i f i t - u F  t u i l u . r , m n u u - s .  . In any  even t, the t e s t s  are condu c ted

i i- t hue  j t u ; F i  c i t e d  I c - r n p i - r a t u r e .  Room t e m p e r a t u m r e  p rope r t i e s  of s l u i c i m en s
ex j u e ; - ; - - u b  i i c - l c - V ; m  I c - i - h  t i - r r u l u s - r a t u r e s  ire  not n o r m a l l y  r e q u i r c - u t .  Those
t V c i l  u - ~~ n o r ; ,  ir e  t urn ! - j ied  as d a t a  on ~p s - c i i - s l e nv i r o n m e n t s .

Wet c o n dit i o ns - d  spec imens  are  subjected to 95% to 100% r c m l a t i v e
humidity a t  125 °F fo r  1000 hour s  or 42 days. I m m e d i a te l y  upon removal

rc c n r u s b t s -  s a t u i r a t e d  c o n d i t i o n s  the  COUP OflS a r c -  s U l u  ) , . - t c i i  I i ,  e i t h e r  the
r . . i c m t  r ed t s - n n j i s - r a t  c m i , -  c y c l i n g  or t ie-  t e s t  c on d i t i o n s .  W i - I  s pec imens
tes t  i d  P s - l o w  32°F a re  cycled four t ime.s 1 st  w i - i - r u  t F m . -  saturat -d u - u u r m d i t i o n s
~ t t  125°F ui-md tb - 1 s-s t  t s~ r n j u c - r m t  u n - . The a d d i t  ion of moi sturc- I i t  b c - l ow
freezing a t m i c s p h s - r i - s  is avoided .

Ij -c r -
~ remova l f rom t i t s -  saturated condit i o n s  at 125°F the shuc-cimens

, m r c -  he ld  f o r  1/2 hour  at t he  sub— frs- s- zin uj t s - s t  I s - n j - r a t  m r , . Then I l ie
sp c c i m e r u s  are again ri-turned t i  time saturat -cl conditions m t  125 °F f u r
an i ’utims -r 1/2 hour. The specimen is test s-c l a f t e r  i - x h m t o-t c l r c .  t a t h e  sub-
f re e z i n g  t ’-c - ; t temperature for 1/2 hour f o r  the  f o u r t h  t i m e .

S a t u r a t  non i - e , n m c l i t  ( 00 5  a r- maintained at test I c nnj i er c i t ;mr t-; ; between
12 °F and 200°F. W i t h i n  t h at  t es t  t empera tu re  r ange , Cciii wet conditioned

c- up s - -  - imerms  - i r s -  b rough t . t o  t he  required temperat s mr s - for 1/2 h cmur  i r  j u n
t o  i r i t t m a t  m u s t  of t h e  t s - s t  5.

W i - S  c c r e F i t  j ~~~~~~ s j c s - s :  imens are tested above 200°F to t i c - I  . -r m i n e  t h e
s - X t e m m t  i d  u l i - c j n i u f m t  ion of l c r u i p s - r t  ies within 1/2 hour  a f t  i - r  exposure to

• t h -  s - i s - v a t . - u -i t em p s - r a t  i m n m - . These t e s t s  are condmmc t i i i  in a cabinet that
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‘ h u - t lfld l u ’u t u t l l l b y  m um t o  5 i mb i c t c t  .m t rnc ispher ii-- ~- . ir c d m f  i - u ; - ; .

H .  ‘ n ; , ; c i m - i - - ’ , l V i  .~~- s - - 1 r T u , - u m s  m r ’  m u ’  i a t s - u t  t i c - f w i - u - t m  2 / )  t i  25 m l r m u t c - o  - i t  I c r

i n . - - - ‘ t u t u  m r u t . u  t h u  . s k c i n u s - f  m u t tis- P - H P t u - r n ~u s - r a t u r y - . ‘I’ u - u;t c- i i ’ -  I - ,  b-
- l u - I c - - i  wi th i n  1/2 hour  i t  I s - i  inu troduct l uuni of f t - p s - u  t n t - - r u  in ‘ l u

. m t - u c - f

p
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